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EHSHUIRUPHG7KHVHVLPXODWLRQVVKRXOGLQFOXGHDVPDQ\DVSRVVLEOHUHDOWKHUPRSK\VLFDODQGRSWLFDOSDUDPHWHUV$
FRPPRQO\XVHGDSSURDFK IRU FDOFXODWLQJ WKH WHPSHUDWXUHGLVWULEXWLRQFDXVHGE\ WKHDEVRUSWLRQRIXOWUDIDVWSXOVHG
ODVHU UDGLDWLRQ IRU D ZLGH UDQJH RIPDWHULDOV PDLQO\ VROLGV LV WKH WZRWHPSHUDWXUHPRGHO 770 7R REWDLQ DQ
DGHTXDWHPRGHODQGWRLGHQWLI\WKHOLPLWVRIDSSOLFDELOLW\RIWKHPRGHOWKHPRGHOHGGDWDKDYHWREHFRPSDUHGZLWK
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FRPSDUHV WKH H[SHULPHQWDOO\ GHWHUPLQHG DEODWLRQ WKUHVKROGVZLWK WKH VLPXODWHG RQH IRUPHOWLQJ DQG YDSRUL]DWLRQ
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WR DQ XQSK\VLFDO UHIOHFWDQFHܴ ൐  8VLQJ RQO\ܤ୮୦భ UHVXOWV WR ߣ୲୦౛ ب ߣ୲୦బ DW URRP WHPSHUDWXUH EHLQJ DOVR
XQSK\VLFDO5HSODFLQJ݉כLQHTXDWLRQE\WKHQRUPDOPDVVRIDQHOHFWURQ݉ୣDQGܥୣೇሺܶୣ ሻLQHTXDWLRQDQG
ZLWKߛ୲୦ୣ୭ ή ୮ܶ୦UHVXOWLQFRUUHFWYDOXHVRIWKHUHIOHFLWLYLW\ܴDVZHOODVWKHUPDOFRQGXFWLYLW\ߣ୲୦౛7KHUHSODFHPHQWV
DVVXPH D IUHHHOHFWURQ JDV IRU DOO PHWDOV LQ UHJDUG RI WKH HOHFWULFDO DQG WKHUPDO FRQGXFWLYLW\ 6LQFH WKH
WKHUPRSK\VLFDOSURSHUWLHVRIDOXPLQXPDUHGHVFULEHGZHOOE\DIUHHHOHFWURQPRGHO/LQHWDOQRGHYLDWLRQV
ZHUHGHWHUPLQHGLQRXUSUHYLRXVZRUNLQ2OEULFKHWDO7KHGRPLQDWSDUDPHWHUIRUHQHUJ\GLIIXVLRQZLWKLQ
WKHHOHFWURQV\VWHPLVWKHWKHUPDOGLIIXVLYLW\ܽ୲୦౛JLYHQE\WKHUDWLRߣ୲୦౛൫ܶୣ ǡ ୮ܶ୦൯Ȁܥୣೇሺܶୣ ሻ)LJ


)LJ&DOFXODWHGWKHUPDOGLIIXVLYLW\RIWKHHOHFWURQVܽ୲୦౛DVDIXQFWLRQRIWKHHOHFWURQWHPSHUDWXUHܶୣ IRUDOOLQYHVWLJDWHGPHWDOV
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7KH YROXPHWULF KHDW FDSDFLW\ RI WKH SKRQRQ V\VWHPܥ୮୦௏ LV JLYHQ E\ WKH 'HE\H PRGHO .LWWHO  7KH
YROXPHWULFKHDWVRXUFHݍ௏ሺݎԦǡ ݐሻLVFDOFXODWHGE\
ݍ௏ሺݎԦǡ ݐሻ ൌ െ
݀ܫሺݎԦǡ ݐሻ
݀ݖ

ൌ ܫ଴ ή ൫ͳ െ ܴሺݖௌሻ൯ ή ߙሺݎԦሻ ή ݁
ି׬ ఈሺ௥Ԧሻௗ఍
೥
೥ೄ ή ൬
ݓ଴
ݓሺݖௌ െ ݖ଴ሻ
൰
ଶ
ή ݁
ିଶή ௥
మ
௪మሺ௭ೄି௭బሻ ή ݏ݄݁ܿଶ ൬ͳǡ͹͸͵ ή
ݐ െ ݐ଴
߬ு
൰ǡ

LQFOXGLQJWKHPD[LPXPLQWHQVLW\ܫ଴DWWKHEHDPZDLVWSRVLWLRQݖ଴WKHUHIOHFWDQFHܴRQWKHVXUIDFHݖୗWKHDEVRUSWLRQ
FRHIILFLHQWߙ WKHEHDPZDLVW UDGLXVݓ଴DW SRVLWLRQݖ଴ WKHEHDP UDGLXVݓDW SRVLWLRQݖୗ WKH ODWHUDO SRVLWLRQݎ WKH
WLPHݐ଴DWPD[LPXPSHDNSRZHUDVZHOODVWKHSXOVHGXUDWLRQ߬ୌ2OEULFKHWDO7KHWKHUPDOFRQGXFWLYLW\
RI WKH SKRQRQVߣ୲୦౦౞LV QHJOHFWHG VLQFH LWV YDOXH LVPXFK VPDOOHU WKDQ WKH WKHUPDO FRQGXFWLYLW\ RI WKH HOHFWURQV
:HOOHUVKRII$OOLQFOXGHGWKHUPRSK\VLFDODQGRSWLFDOSDUDPHWHUVDUHWHPSHUDWXUHGHSHQGHQW2OEULFKHWDO
)LJ)LJDQG)LJ,QFRQWUDVWWRRWKHUDXWKRUVQRILWWLQJRISDUDPHWHUVLVXVHGLQWKHVLPXODWLRQV
DQG RQO\ JLYHQ SDUDPHWHUV DUH FRQVLGHUHG ୑ܶ DQG ୚ܶ UHSUHVHQW WKH PHOWLQJ DQG YDSRUL]DWLRQ WHPSHUDWXUH
UHVSHFWLYHO\WDNHQIURP+D\QHVDQG/LGH7DEOH

7DEOH7KHUPRSK\VLFDOSDUDPHWHUVRIWKHLQYHVWLJDWHGPHWDOVXVHGLQWKHFDOFXODWLRQV
 ୑ܶLQ.D ୚ܶLQ.D ݒ ܣୣLQV. ݉כI ߛ୲୦ୣ୭LQ-P.
$OXPLQXP    E  
*ROG    EF  
3ODWLQXP    G  
0RO\EGHQXP    G  
1LFNHO    H  
D+D\QHVDQG/LGH E&KHQHWDO  F:DQJHWDO G)HUPLOLTXLGWKHRU\0XHOOHUDQG5HWKIHOG
H&KHQHWDO  I.LWWHO


)LJ&DOFXODWHGUHIOHFWDQFHܴDVDIXQFWLRQRIWKHHOHFWURQWHPSHUDWXUHܶୣ IRUDOOLQYHVWLJDWHGPHWDOV
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7KH HTXDWLRQV  DQG  DUH SHUIRUPHG IRU D[LDO V\PPHWU\ DQG VROYHG QXPHULFDOO\ E\ )LQLWH'LIIHUHQFH
GLVUHWL]DWLRQLQ0$7/$%3KDVHWUDQVLWLRQVDUHFRQVLGHUHGE\DIRUPXODXVHGE\6RWURSHWDO9DSRUL]DWLRQ
LVHLWKHUQHJOHFWHGUHVXOWLQJLQKHDWLQJRIWKHPHWDOXSWRWHPSHUDWXUHVRYHUWKHHYDSRUDWLRQSRLQWRUYDSRUL]DWLRQLV
WDNHQLQWRDFFRXQWE\H[FOXGLQJSL[HOVIURPWKHFDOFXODWLRQVZKRVHWHPSHUDWXUHLVDERYHWKHHYDSRUDWLRQSRLQW)RU
WKHODWWHUFDVHWKHODWHQWKHDWRIYDSRUL]DWLRQLVVWLOOLQFOXGHGLQWKHFDOFXODWLRQVEXWDIWHURYHUFRPLQJWKHODWHQWKHDW
KLJKHUWHPSHUDWXUHVWKDQWKHYDSRUL]DWLRQWHPSHUDWXUHDUHSRVVLEOH
7KH GLIIHUHQW PDWHULDO UHVSRQVH RI WKH LQYHVWLJDWHG PHWDOV LV GHPRQVWUDWHG E\ LUUDGLDWLQJ ZLWK XOWUDIDVW ODVHU
UDGLDWLRQDQGH[HPSODU\VLPXODWLRQVDUHSHUIRUPHGFRQVLGHULQJRQO\HQHUJ\GLIIXVLRQDQGQRYDSRUL]DWLRQ)LJ
)RUDOOLQYHVWLJDWHGPHWDOVWKHHOHFWURQWHPSHUDWXUHLVVWLOOKLJKHUIRULUUDGLDWLRQDWDSXOVHGXUDWLRQRIIVWKDQIRU
DSXOVHGXUDWLRQRISVVLQFHHQHUJ\LVDOUHDG\WUDQVIHUUHGIURPWKHHOHFWURQWRWKHSKRQRQV\VWHPGXULQJWKHODVHU
LUUDGLDWLRQ DW  SV SXOVH GXUDWLRQ 7KH KLJKHVW HOHFWURQ WHPSHUDWXUH IRU LUUDGLDWLRQ DW IV LV DFKLHYHG E\
DOXPLQXPDVWKLVPHWDOKDVWKHVPDOOHVWYROXPHWULFKHDWFDSDFLW\ܥୣೇRIWKHLQYHVWLJDWHGPHWDOV)LJ,UUDGLDWLRQ
DWSVSXOVHGXUDWLRQJROGDFKLHYHVWKHKLJKHVWHOHFWURQWHPSHUDWXUHDVJROGKDVWKHODUJHVWUHOD[DWLRQWLPH߬ୖXS
WRDQHOHFWURQWHPSHUDWXUHRIDERXW.7KLVH[SODLQVWKHODWHVWPD[LPXPSKRQRQWHPSHUDWXUHDWDERXWSVIRU
JROGWRRFRPSDUHGWRWKHRWKHUPHWDOV)XUWKHUPRUHWKHPD[LPXPRIWKHSKRQRQWHPSHUDWXUHLVDOZD\VDFKLHYHG
ODWHUWKDQWKHPD[LPXPRIWKHHOHFWURQWHPSHUDWXUHGXHWR߬ୖ)LJ7KHODWHQWKHDWRIYDSRUL]DWLRQLVRYHUFRPH
E\DOXPLQXPDQGJROGDWERWKSXOVHGXUDWLRQV IRUPRO\EGHQXPRQO\DWSV)RU WKH UHPDLQLQJ WZRPHWDOV WKH
ODWHQWKHDWRIYDSRUL]DWLRQUHSUHVHQWVDOLPLWLQJIDFWRU'XHWRWKHKLJKHUGLIIXVLYLW\RIJROGFRPSDUHGWRWKHRWKHU
PHWDOVKHDWDFFXPXODWLRQRQWKHULJKWERXQGDU\LVLGHQWLILHGGXHWRWKHKLJKHVWSKRQRQWHPSHUDWXUHWKHUH



)LJAbove&DOFXODWHGPD[LPXPHOHFWURQWHPSHUDWXUH ୫ܶୟ୶ǡୣDQGPD[LPXPSKRQRQWHPSHUDWXUH ୫ܶୟ୶ǡ୮୦DVDIXQFWLRQRIWLPHbelowFDOFXODWHG
WHPSHUDWXUHGLVWULEXWLRQRIWKHSKRQRQV\VWHP ୮ܶ୦IRUݎ ൌDVIXQFWLRQRIGHSWKDWݐ ൌSVleftDQGݐ ൌSVrightparameters
ܳ ൌ-ݓ ൌ ݓ଴ ൌP߬ୌ ൌIVSVܴ ൌߙ ൌ ߙ଴ߙ଴ െDEVRUSWLRQFRHIILFLHQWDWURRPWHPSHUDWXUH݀ ൌP
5HVXOWVDQGGLVFXVVLRQV
7KHWKLQILOPVRIDOXPLQXPJROGSODWLQXPQLFNHODQGPRO\EGHQXPZHUHLUUDGLDWHGZLWKVLQJOHSXOVHGXOWUDIDVW
ODVHUUDGLDWLRQDWGLIIHUHQWSXOVHGXUDWLRQV$VDUHVXOWWZRGLIIHUHQWWRSRORJLHVDUHREVHUYHGDIWHUODVHULUUDGLDWLRQ
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ZLWKDQRXWHUGLDPHWHU݀ୋJHQWOHDEODWLRQDQGLQQHUGLDPHWHU݀ୗVWURQJDEODWLRQRIWKHDEODWLRQVWUXFWXUH)LJ
)LJ
7KHSHDNIOXHQFHܪ଴ZDVGHWHUPLQHGIURPWKHSXOVHHQHUJ\ܳE\WZRVWHSVRIWKHPHWKRGRIVTXDUHGGLDPHWHUܦ
SORWWHGRYHU ORJSXOVHHQHUJ\DFFRUGLQJ WR/LX)LJ ,Q WKH ILUVW VWHS WKHEHDPUDGLXVݓLVREWDLQHGDV
ZHOO DV WKH WKUHVKROGSXOVHHQHUJ\ܳ୲୦୰E\ OHDVWVTXDUH ILWWLQJ OLQHV LQ)LJ%DVHGRQ WKH UHVXOWVܪ଴ ൌ
ଶήொ
஠ή௪మ
LV
SHUIRUPHGLQWKHVHFRQGVWHSDQGܪ୲୦୰LVFDOFXODWHGDQDORJLFDOO\)RUVWURQJDEODWLRQWKHVDPHEHDPZDLVWZDVXVHG
DVIRUJHQWOHDEODWLRQ


)LJ2EVHUYHGDEODWLRQVWUXFWXUHVRIJROGIRUDSXOVHGXUDWLRQRIIVDQGGLIIHUHQWSXOVHHQHUJLHV
 

)LJ6HOHFWHGH[DPSOHVRIWKHPHWKRGRIVTXDUHGGLDPHWHURYHUORJIOXHQFHIRUJROGleftDQGSODWLQXPright
)RU JHQWOH DEODWLRQ WKH REWDLQHG DEODWLRQ GHSWKVݖ୅DUH VPDOOHU WKDQ IRU VWURQJ DEODWLRQ )LJ  )RU VWURQJ
DEODWLRQRIDOXPLQXPDQGJROGWKHZKROHILOPLVDEODWHGDQGWKHDEODWLRQVWUXFWXUHVIHDWXUHKLJKHUHGJHVLQGLFDWLQJD
OLIWRIIRIWKHWKLQILOPDURXQGWKHVHUHJLRQV$SRVVLEOHH[SODQDWLRQRIWKHIRUPDWLRQRIWKHVHVWUXFWXUHVLVVSDOOLQJRI
DPLFUREXPS,QRJDPRYHWDO 6RWURSHWDO )XUWKHUPRUHVWURQJDEODWLRQLVRQO\REVHUYHGDWKLJK
IOXHQFHVܪ଴ ൐-FPð
7KH WRSRORJ\ REWDLQHG E\ FRQIRFDOPLFURVFRSH )LJ  ULJKW GHWHUPLQH DOVR D WKLUG DEODWLRQPRUSKRORJ\ IRU
PRO\EGHQXPQLFNHODQGSODWLQXP IRU LUUDGLDWLRQDW DSXOVHGXUDWLRQRIIVGHSLFWLQJ WKHQRQFLUFXODU LQWHQVLW\
GLVWULEXWLRQRI WKH ODVHU UDGLDWLRQDQGRFFXUULQJRQ WKHRXWHUHGJH7KHDEODWLRQGHSWKRI WKLVPRUSKRORJ\ LVRQO\
±QP ZKLFK LV ZLWKLQ WKH PHDVXUHPHQW DFFXUDF\ RI WKH FRQIRFDO PLFURVFRSH 7KHUHIRUH QR IXUWKHU
LQYHVWLJDWLRQVDUHSHUIRUPHGLQUHJDUGRIWKHWKLUGPRUSKRORJ\
)LJ  DQG )LJ  DOUHDG\ LQGLFDWH DQ GHSHQGHQF\ RI WKH DEODWLRQ VWUXFWXUHV RQ WKH SXOVH GXUDWLRQ EHLQJ
FRQILUPHGE\SORWWLQJWKHREWDLQHGDEODWLRQWKUHVKROGLQGHSHQGHQFHRQWKHSXOVHGXUDWLRQ)LJ7RGLVWLQJXLVK
WKH LQIOXHQFHRI WKH WHPSHUDWXUHGHSHQGHQW UHIOHFWDQFH IURP WKH WKHUPRSK\VLFDO SDUDPHWHUV WKH VLPXODWLRQVZHUH
SHUIRUPHG ZLWK WHPSHUDWXUHGHSHQGHQW UHIOHFWDQFH  ܴ ൌ ܴሺܶሻሻ DQG ZLWK WHPSHUDWXUHLQGHSHQGHQW UHIOHFWDQFH
ܴ ൌ ܴ଴ǡ ܴ଴ െUHIOHFWDQFHDWURRPWHPSHUDWXUH
7KHH[SHULPHQWDOO\REWDLQHGDEODWLRQWKUHVKROGIRUVWURQJDEODWLRQH[KLELWODUJHHUURUUDQJHV)LJILUVWGLDJUDP
$O VLQFH RQO\ D IHZ GDWD SRLQWV DUH DYDLODEOH IRU WKH OLQDHU UHJUHVVLRQ DQG WKH DEODWLRQ SURFHVV LWVHOI LV KLJKO\
FRPSOH[)XUWKHUPRUHWKHPHDVXUHGGLDPHWHUVRIWKHVWUXFWXUHVIRUVWURQJDEODWLRQRIPRO\EGHQXPDQGQLFNHODUH
RQO\FOHDUO\GHWHFWDEOHIRUSXOVHGXUDWLRQVRIIVDQGIVDVIRUODUJHUSXOVHGXUDWLRQVWKHDEODWLRQGHSWKVIRU
VWURQJ DEODWLRQ DQGJHQWOH DEODWLRQ DUHQHDUO\ HTXDO )LJ7KHUHIRUH DQG IRU VDNHRI FODULW\ WKH WKUHVKROG IRU
VWURQJDEODWLRQLVRQO\SORWWHGLQWKHILUVWGLDJUDPDVZHOODVWKHVLPXODWHGWKUHVKROGVIRUYDSRUL]DWLRQVLQFHJHQWOH
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DEODWLRQ FDQ QRW EH GHVFULEHG E\ YDSRUL]DWLRQ $ TXDOLWDWLYH DJUHHPHQW LV REVHUYHG IRU JHQWOH DEODWLRQ DQG WKH
VLPXODWHG WKUHVKROG IOXHQFHV IRU PHOWLQJ )RU DOXPLQXP DQG QLFNHO WKH FDOFXODWHG WKUHVKROGV IRU PHOWLQJ DQG
FRQVLGHULQJDWHPSHUDWXUHGHSHQGHQWUHIOHFWDQFHUHSUHVHQWVDQDQDORJLFDOGHSHQGHQF\RQWKHSXOVHGXUDWLRQDVWKH
H[SHULPHQWDOGDWD)RUWKHRWKHUPHWDOVWKHFDOFXODWHGWKUHVKROGIRUPHOWLQJQHJOHFWLQJWKHWHPSHUDWXUHGHSHQGHQF\
RIWKHUHIOHFWDQFHILWVEHWWHUWRWKHH[SHULPHQWDOO\REWDLQHGWKUHVKROGVIRUJHQWOHDEODWLRQ$WWKLVSRLQWWKHUHDVRQV
IRU WKLV GLIIHUHQW GHSHQGHQF\ FDQ QRW EH FOHDUO\ LGHQWLILHG (LWKHU WKH PRGHO IRU WKH WHPSHUDWXUHGHSHQGHQW
UHIOHFWDQFHLVQRWDSSOLFDEOHIRUDOOLQYHVWLJDWHGPHWDOVRUWKHWKHUPRSK\VLFDODQGRSWLFDOSURSHUWLHVGLIIHUIURPWKH
DVVXPHGSURSHUWLHVRILGHDOEXONPDWHULDO 
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
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


)LJ2EVHUYHGDEODWLRQVWUXFWXUHVRIWKHXVHGPHWDOVIRUDSXOVHGXUDWLRQRIIVDQGSVIRUSXOVHHQHUJ\RI-left5(0rightFRQIRFDO
PLFURVFRS\
7KH FDOFXODWHG WKUHVKROGV IRUPHOWLQJ DUH DOZD\V ORZHU WKDQ WKH H[SHULPHQWDOO\ REWDLQHG WKUHVKROGV IRU JHQWOH
DEODWLRQMXVWLILHGE\PROHFXODUG\QDPLFVVLPXODWLRQVRI5RWKHWDORU,YDQRYHWDODQGK\GURG\QDPLF
VLPXODWLRQVRI3RYDUQLWV\QDQG,WLQDDVZHOOVLQFHVPDOOVXUIDFHOD\HUVRIPROWHQPDWHULDODUHOLIWHGRIIIURP
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WKHWKLQILOPFDXVHGE\DQLQGXFHGVKRFNZDYHGXHWRXOWUDIDVWH[SDQVLRQRIWKHPDWHULDO7KLVLVLQDJUHHPHQWZLWK
WKH H[SHULPHQWV RI /LQGH DQG 6RNRORZVNL7LQWHQ  7KHUHIRUHPHOWLQJ WRRN DOUHDG\ SODFHZLWKLQ D GHILQHG
UHJLRQEHIRUHWKHOLIWRIIRFFXUV

)LJ&RPSDULVRQRIH[SHULPHQWDOO\REWDLQHGWKUHVKROGVܪ୲୦୰IRUJHQWOHDEODWLRQZLWKWKHFDOFXODWHGWKUHVKROGVIRUPHOWLQJWDNLQJDWHPSHUDWXUH
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